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The crystal structure of diaquotris(acetylacetonato)lanthanum(II1), La(CsH70;)3(H,0), has been determined by three-
dimensional X-ray methods. Two molecules crystallize in a triclinic unit cell of symmetry PT and dimensionsa = 9.041 (7)
A b = 11456 (12) A, ¢ = 10.724 (23) &, @ = 95.57 (15)°, 8 = 114.66 (4)°, v = 100.28 (10)°. A total of 2953 inde-
pendent observed intensities from two crystals were measured by counter methods. The structure was refined by the method
of least squares to give residuals of 0.091 and 0.059 for the two crystals. Each lanthanum ion is surrounded by eight oxygen
atoms, contributed by three acetylacetonate rings and two water molecules, arranged at the vertices of a distorted square
antiprism. The molecules are linked in chains by hydrogen bonds.

Introduction

A number of hydrates and adducts of rare earth
acetylacetonates have been prepared and characterized,*
and we have previously reported the structure of
tris(acetylacetonato)yttrium(III) trihydrate.® Dihy-
drates have been prepared of the chelates of lanthanum,
praseodymium, neodymium, and samarium, and
powder patterns indicate that these crystalline com-
pounds are isostructural. This study of the structure
of diaquotris(acetylacetonato)lanthanum(III)  was
undertaken as part of a study of solvates of rare earth
chelates investigating the types of coordination of the
rare earth ions, the nature of hydrogen bonding, and
the correlation of the structures with the chemical and
physical properties.

Experimental Section

Lanthanum acetylacetonate, prepared by a slight modification
of the method of Stites, McCarty and Quill,} was recrystallized
from a 609, ethanol-water mixture. The dihydrate was pre-
pared by recrystallizing this product from 959, ethanol. The
amount of water present in the complex was determined by Karl
Fischer titrations.*

A crystal of dimensions 0.23 X 0.14 X 0.14 mm was sealed in
a glass capillary, and approximate unit cell dimensions and the
diffraction symmetry were obtained from oscillation, Weissen-
berg, and precession photographs. Accurate unit cell dimensions
and the intensity data were measured manually on a General
Electric XRD-3 X-ray spectrometer equipped with a single-
crystal orienter and a scintillation counter. The intensities of
all reflections for which 28 was less than 50° were measured at a
takeoff angle of 4° by the stationary-crystal, stationary-counter
technique using Zr-filtered Mo K« radiation and 40-sec counts.
The settings were calculated for the Kay line ( 0.70930 A), and
factors for conversion to integrated intensities were based upon
several intensities measured by a manual w scan. The crystal
was oriented about the ¢* + b* direction, which makes an angle
of 18° with the long dimension of the crystal. Background
corrections were obtained by interpolation from a plot of intensity
75, angle, constructed from measurements made with the crystal
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out of reflecting position. No corrections were made for absorp-
tion (u = 22.7 em™!), extinction, or anomalous dispersion.
The maximum variation in the ratio of any two intensities due
to absorption is about 169, for the crystals used. Corrections
for instrumental variations in intensity were based upon frequent
remeasurement of a few reflections; the maximum wvariation in
intensity was 18%,.

Difficulties in maintaining alignment during the course of the
measurements led to the use of a second crystal, which had
dimensions 0.28 X 0.12 X 0.09 mm. A total of 1969 intensities,
of which 1559 were at least 7% above background and were
therefore classified as observed, were recorded from the first
crystal, and 1636 intensities, of which 1394 were observed, were
recorded from the second crystal. Of the observed reflections,
44 were measured on both crystals, and these were used for
scaling the two data sets., The mean unit cell dimensions at
25°, based on Mo Ke radiation (A 0.7107 A), were g = 9.044 =
0.007 A, b = 11.456 £ 0.012 A, ¢ = 10.724 = 0.023 &, o =
95.57 £ 0.15°, 8 = 114.66 == 0.04°, v = 100.28 £ 0.10°.
The crystals remained nearly suspended in carbon tetrachloride
(density 1.594 g cm™1); the calculated density for two molecules
pr unit cell is 1.609 g cm ™3,

Structure Determination and Refinement

Trial lanthanum positions were deduced from the
three-dimensional Patterson function. Space group
P1 was assumed (and was ultimately confirmed by the
structure). The metal ions occupy the general posi-
tions with x = 0.225, y = 0.375, z = 0.225. The con-
tribution of La3+ to the structure factors was computed,
and a Fourier synthesis was based upon the calculated
signs and observed magnitudes of the 2583 terms for
which ‘FG > 0.401Fo|. Successive Fourier and differ-
ence Fourier calculations revealed the positions of the
oxygen and carbon atoms.

The availability of data from two crystals provided
the opportunity of obtaining an internal check on tle
accuracy of the methods used. - Also, since there was
no convenient way to assign relative weights to the two
sets of intensities, it was decided to refine the data from
the two crystals separately. A local IBM 360 adapta-
tion of the least-squares program of Busing, Martin,
and Levy” was used. The refinement for each crystal
included a scale factor, positional parameters for the
lantharium ion and for 8 oxygen and 15 carbon atoms,
anisotropic temperature factors for the lanthanum
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6 8131-133 & 2 3 1 19 .20 -& -l 81 88 § s 3 2
6 10 100 86 6 3 3 2 222-227 "2 0 956544 5 2 5 s 2
7 2 128-129 ¢ & 3 268’271 "@ 2 368 387 5 3 5 & 2
7 3161 169 & 8 3 4 332 Jaa ! —1 4ssceas 9. @ s 7 3
7 4 194 154 & & 3 5116 laa -1 0633 885 9 o 5 B 3
7 5 79 -69 6 7 3 6 300-302 "} 1 393 406 0 - 6 -2 3
7 6 155-152 6 ~8 3 7 179-177 O "1 666 690 10 0 180 191 6 .1 267-278 I
7 8 140 146 & 9 3 B8 121 tie O 1 427421 10 2 137-128 4 o 98 99 I
B 2209 213 7 1 3 9 110 308 Q 2 443-41f 10 & 11303 6 1 349 362 3
8 3 45-13 7 2 310 66 -79 0 3 141 124 j1 0 178-172 g 2 147 185 3
8 & 222-221 7 3 4 0 293-29% O & 381 382 | 1 5 -64 ¢ 3 poz-204 3
8 5 52 .55 7 4 4 2320235 0 S 243226 |, 2 86 62 4 4 130-132 3
8 6 14t t;1 7T 8 4« 3 79 a2 0 6 215223 |, 3 105 95 o, g g0 s3 23
8 7 147139 7 7 4 4182-175 0 7 3 13 |2 .1 135112 ¢ ¢ 110 126 3
9 2 267-264 7 @ 4 8 266-2064 0 8227255 12 0 7% Be 7 .2 ap -49 ¢
9 3 1%2-160 7 9 4 6176167 O 9 63 8T 12 1 85 91 7 .1 224 230 *
9 4118 119 8 4 7 308 286 O 10 159-i7a He 2 7 0138 135 ¢
9 5119 109 8 3 2 4 9 138-132 ! -1 270-203 .32 .2 65 77T 7 | |es-178 ¢
9 7 114-119 8 5 5 0 317 299 1 0235%6-357 ;2 0 ga 90 7 2 jgo-182 *
10 3 31y 116 & & 5 1 170 180 3113039 10 L2 37 s 7 3 72 81 4
lo 5 14i-1a8 8 7 S 2 269-273 | 2 328 34T g ., =3 .51 7 4 198 189 *
10 7 92 87 8 8 S 3 276-268 | 3 234 €30 _g _p 204 213 7 & 139-128 ©
11 4 5271 5 12 5 5198 196 1 4 JIT-328 g _| 154 139 8 -2 159 169 ¢
11 b5 64 T8 9 2 5 6 52 aa 1 S 151-187 5 15 (33,120 8 - 116-107 4
12 2 51 -77 9 3 5 7 197-197 1 6170 176 _; . 204-299 8 0 j78-t170 5
12 4 83 86 9 4 5 B a8 -84 P07 187 132 4 .2 36 <23 & 2 180 173 8
13 2 99106 9 5 5 9 105 97 18 135-149 _4 . 340 347 8 & 114-118 3
Hx =) ® 6 & 0 68 -40 1 30 B85 105 _g | 413-380 8 5 96 ~97 3
-8 © 138-176 j0 - & 1 279-291 ¢ -} BT -86 _5 .2 260 266 8 & 32 50 S
-3 2 387 40 10 2 6 2 30 ~33 2 0166 136 .4 -2 593-373 9 .z 147~17B &
-2 2 s87-571 10 & 129 6 3 182 188 2 1151 138 .4 0 426 422 9 -] 23p =855 8
-2 & 3% 359 i0 S 6 & 85 66 £ 2 332-337 _, ) 4se 442 9 0 103 108 5
-1 385 533 10 6 6 b 164-169 2 3 314306 .3 .2 475 461 9 | 82 75 %
-1 9 B2 -89 11 2 6 6 145-139 2 4 137 153 .3 | 376-388 5 2 132-126 5
~1 10 130-138 {1 3 6 7 93 92 2 1529325 .3 3470 465 9 3 104 =97 &
-1 12 123 138 11 @ 6 8150 138 2 6 55 -64 .2 .| 402-390 ¢ s 110 103 6
© 2 202 194 11 B 7 0 21 -18 2 7 co9-236 .2 0 I95-363 (0 -2 138 136 ©
0 3 12s-118 2 1 7 1178176 2 9 177 163 -y -y 402 366 10 -1 148 156 6
0 4 401-390 12 2 7 2231 223 3 -1 127 122 0 0 417397 10 | 94 =56 6
0 5294 294 12 3 7 3 92 <82 3 0 3Y4-373 0 2 318 3IS 10 3 jay 122 6
0 6 249 25c 13 1 7 4 127-112 3 1°436-446 0 13 543 538 |1 -2 8@ ~67 &
o 7T 17-1ie We 0 7 5 97 93 3 2231 229 0 & 119-122 11 =) 200~i91 6
O 8 182-193-14 4 79 77 7 6 )43 134 3 I 216 222 O 5 310-283 11 0 4, -a0 &
ion, and isotropic temperature factors for the oxygen

and carbon atoms. The atomic form factors used were
those of Cromer, Larson, and Waber® for La3+ and
those of Ibers? for oxygen and carbon. The values for
oxygen were the average of values for the neutral atom
and for O~ in order to account for the total charge of
the acetylacetonate group. The contributions to the
least-squares sums were weighted by 1/¢?% where o, the
standard deviation of F for each reflection, was cal-
culated by a variation of the method of Smith and
Alexander, ! in which the contribution to the error of
the correction factors, such as background measure-
ments, the conversion of peak heights to integrated in-
tensities, and corrections for instrumental variations
were included. TUnobserved data were omitted from
the refinements. After these refinements, the values

(8) D. F. Cromer, A, C, Larson, and J. T. Waber, Acta Cryst., 17T, 1044
(1964).

(9) “International Tables for X-Ray Crystallography,”
Kynoch Press, Birmingham, England, 1862, p 202.

(10) G. S. Smith and L. E. Alexander, 4cta Cryst., 16, 462 (1063),
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L FU FC X L FO FC x L FO FC X L FG FC K L FO FC K L FO FC
He 8
7 - 49 8 | 63 <58 4 =3 127 134 8 -4 189-178 =9 ~7 aa 67
; :T 'SI: 4 -f I:? Iev 4 2 62 68 4 -] 264-237 5 -3 125-123 1 =8 jde-low
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-3 61 =78 7 a4 29 az 5 =3 56 6a 4 @ 136-132 5 316l 155 1 -3 41 -80
=1 90 10} T 8 80 -8 3 =2 180-135 5 =5 24% 239 & <5 a5 -69 1 ~2 101 10t
-2 190-163 7 6 J4 -S6 8 =1 141-138 5 =3 131-t18 6 -5 214~195 o~ 174 6b
<3 230-203 B -3 137 148 5 O 182 172 3 =2 140-124 6 -4 T2 H3 I 1 169-14B
2 87 78 8 -2 joB-1i6 5 1 152 138 3 -1 137 138 g -3 j7d 159 1 2 28 -83
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23273277 @ 8 33 sy 6 =3 149-184 6 =5 159-las 7 -3 169-176 2 -3 148 149
3 429-424 ¥ =) 195-l@z 6 -2 49 79 6 -4 229-233 7 -2 95 -92 2 -2 al %6
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2 @ 242-283 2 O 189 195 3 =5 243-230 5 -2 12] 124 5 =7 1iz-1i7
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2 e e iez ise 2 2 1ez-i3a 3 =3 162172 5 2120 113 5 -4 62 71
0 183-186 3 -4 100 106 2 I 1H6-187 3 ~2 238 238 6 -7 102 -94 He 10
1108 110 3 =3 236-21a 2 5 193 179 3 =1 las-ia0 & -; :z’; -59, 1 -8 106 117
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-3 214-208 3 4 213 222 3 © 8% =79 4 -5 B2 69 & i 82 79 2 -5 ©w8 93
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<1 130 1S1 3 6 166-151] 3 2 41 -5 4 =2 204-285 7 ~e& 99-199
0300 313 4 7 ilo-lgl| 3 3 148 151 4 0 243 234 7 -2 62 76
| &3 5i 4 =4 203-199| 3 4 67 76 &4 1 9% S5 7 -1 109 104
2 16A~168 & =3 98 81| 3 9 138-127 4 2 107-118 B -6 91 -87
3 116-117 & =2 203 285, 3 6 76 =73 4 3 |66-146 B =3 40 -70
a 61 58 4 -1 39 -a3 4 -5 161-177 5 ~6 2293 206 8 -4 42 ®7
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of the residual, R = - chH/EtFO , were

0.091 for the first crystal and 0.059 for the second crys-
tal. The weighted residuals were 0.074 and 0.044, re-
spectively, and the standard deviations of an observa-
tion of unit weight were 1.31 and 1.15. The largest
positional parameter shift on the last cycle was about
509, of a standard deviation.

A final difference Fourier map, based on F, — F, for
all of the data, revealed three of the water hydrogen
atoms. Results for the other water hydrogen and for
the three methylene hydrogen atoms were inconclusive.
No attempt was made to locate the hydrogen atoms on
the methyl groups.

The final calculated and observed structure factors
are given in Table I. The weighted average positional
parameters are given in Table II,

Discussion of the Structure

Figure 1 shows one molecule of the unit cell projected
along [010]. The bond lengths and angles are listed in
Table III. The standard deviations of the distarnces
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TABLE 11
Aromic PARAMETERS OF La(CsH;0;:),(H,0), witH
ESTIMATED STANDARD DEVIATIONS

Atom x kY 4 B, Az
La 0.2321 (1) 0.3847 (1) 0.2179 (1) a
O(1) 0.0513 (11) 0.2966 (7) —0.0326 (14) 4.4 (6)
0(2) 0.2845(15)  0.1922(8) 0.1539 (17) 4.9 (3)
0(3)  —0.0053 (15)  0.2790(8) 0.2573(9) 4.5(2)
04) 0.3307 (10) 0.2996 (8) 0.4348 (8) 3.6 (4)
O(5) 0.3110 (13) 0.5436 (11) 0.1029 (8) 3.6(2)
O(6) 0.5423 (17) 0.4474 (7) 0.3042(9) 4.0(2)
O(7) —0.0020 (9) 0.4979 (7) 0.1403 (8) 3.3(2)
O(8) 0.3407 (9) 0.5694 (7) 0.4176 (18) 3.4 (2)
C(1) 0.0182 (18) 0.1991(13) —0.1234(18) 4.2 (4)
C(2) 0.1009 (18) 0.1044 (14) —0.0820 (19) 4.6 (6)
C(3) 0.2276 (17) 0.1067 (15) 0.0479 (15) 4.2(3)
C(4) 0.3074 (30) —0.0043(12) 0.0735(15) 5.1(3)
C(5)  —0.1113(19)  0.1886(13) —0.2699 (21) 5.6 (4)
C(6) —0.0288 (17) 0.2017 (16) 0.3309 (15) 4.1(3)
C(7) 0.1004 (27) 0.1582 (13) 0.4263 (19) 5.0(3)
c(8) 0.2739 (10)  0.2060(12)  0.4721(14) 4.1(4)
C(9) 0.3961 (19) 0.1480 (14) 0.5727 (18) &5.8(4)
C(10) —0.2144(17)  0.1351 (12)  0.3068 (13) 5.5(2)
C(11) 0.4399 (15) 0.6133 (16) 0.0970 (13) 3.4 (b)
C(12) 0.6072 (16) 0.6037 (17) 0.1866 (14) 4.0(3)
C(13) 0.6464 (40) 0.5237 (27) 0.2802 (27) 3.3(3)
C(14) 0.8323(16) 0.5298 (11) 0.3690 (14) 4.2(3)
C(15) 0.4191 (16)  0.7062(18)  0.0049 (14) 4.3(3)
H(1) 0.125 0.558 0.180 6.0
H(2) 0.450 0.590 0.430 6.0
H(3) 0.300 0.500 0.335 6.0

a For lanthanum the anisotropic temperature factor is of the
form exp|—Zhh,8'1, with 81 = 0.0084 (4), 822 = 0.0058 (3),
B3 = 0.0074 (16), g2 = 0.0016 (8), g1 = 0.0034 (10), g** =
0.0018(1).

Figure 1.—Projection of one molecule along [010].

and angles were computed by the method of Sands,!
and these standard deviations were used in calculating
the weighted averages of the distances and angles which
are given in Table III. The positional parameters of
the two crystals sometimes differed by several standard
deviations. The anisotropic temperature factors
for the lanthanum ion were also quite different for the
two crystals. This comparison of the two crystals

(11) D. E. Sands, Acta Cryst., 21, 868 (1966).

Inorganic Chemistry

TasLe 111
BoNxp LENGTHS AND ANGLES

Leugths, A Angles, deg

La~-0O(1) 2.475 0(1)-La-0(2) 69. 1
La-O(2) 2.427 0(3)-La-0(4) 68.0
La-0O(3) 2 487 O(5)~La-0(6) 68.5
La-O(4) 2.484 Mean 68.5 (6)
o S OLe-0®) 761 (5)
Mean 2.473 (24) La-O(1)-C(1) 141.2
- o = La~0(2)-C(3) 137.4
i§~8§é§ jzgi La-0(3)-C(6) 137.4
Mean 2.573 (1) La—O(4)-C(8) 134.7
La-0(5)-C(11) 140.8
O(1)-C(1) 1.303 La-(6)-C(13) 137.1
0(2)-C(3) 1.274 Mean 138.1 (25)
3)-C(6 1.285
8§4§_CE8§ 1‘22;6 O(1)-C(1)-C(2) 119.6
O(5)-C(11) 1 316 0(2)-C(3)-C(2) 127 4
0(6)-C(13) 1 289 0(3)~C(6)-C(7) 123.2
Mean 1 290 (16) O-C(8)-C(7) 123.1
O(5)-C(11)-C(12)  120.7
C(1)-C(2) 1.428 O(6)-C(13)-C(12) 126.9
C(2)-C(3) 1.389 Mean 123.5 (32)
—-C(7 1.397
corcle B cwrcocm 126
C(11)-C(12) 1.436 C(6)-C(7)-C(8) 125.1
C(12)-C(13) 1.396 C(11)-C(12)-C(13) 125.6
Mean 1.410 (19) Mean 125.7 (6)
C(1)-C(5) 1.483 O(1)-C(1)-C(5} 117.9
C(3)-C(4) 1.586 0(2)-C(3)-C(4) 116.4
C(6)-C(10) 1.569 O@3)-C(6)-C(10) 116.2
C(8)-C(9) 1.504 0(4)-C(8)-C(9) 118.5
C(11)-C(15)  1.517 0(5)-C(11)-C(15) 120.4
C(13)-C(14)  1.536 O(6)-C(13)-C(14) 116.0
Mean 1.532(39)  Mean 117.4(19)
O(7)-H(1) 1.11 C(4)-C(3)-C(2) 118.9
0(8)-H(2) 0.92 C(5)-C(1)-C(2) 121.5
O(8)-H(3) 1.02 C(9)-C(8)-C(T) 118.9
C(10)-C(6)~-C(7) 120.3
C(14)-C(13)-C(12) 117.5
C(153)-C(11)-C(12)  119.0
Mean 119.4 (14)

H(2)-0(8)-H(3) 95.4

serves to illustrate the unreliability of standard devia-
tions and temperature factors obtained by least-squares
fitting of data containing systematic errors such as un-
corrected absorption. In order to avoid false and mis
leading claims of accuracy, the standard deviations
listed in Tables II-IV were based on appraisals of the
variations observed between the two crystals and be-
tween chemically equivalent bonds and angles.

Each lanthanum ion is bonded to eight oxygen atoms,
contributed by three bidentate acetylacetonate groups
and two water molecules [O(7) and O(8)]. The aver-
age distance from a lanthanum ion to a carbonyl oxygen
atom is 2.473 A, while the average distance of lantha-
num to coordinated water is 2.573 A ; the corresponding
values in Y(CsH:0:)s3 3H,O were 2.366 and 2.409
A5 The empirical relationship of Lingafelter and
Braun,!? based on a study of distances in acetylacetone
chelates of metal ions having noble gas configurations,
predicts 2.54 A for the lanthanum-carbonyl oxygen

{12) E. C. Lingafelter and R. L. Braun, J. Am. Chem. Soc., 88, 2051
(1966).
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TasBLE IV
DimMENSIONS OF COORDINATION POLYHEDRON

Dimensions, .

O(1)-0(2) 2.768 O(7)-0(3) 2.904 0(5)-0(7) 2.985
0(2)-0(6) 3.184 O(1)—-0(3) 3.362 O(7)-0(1) 3.050
0O(8)-0(5) 2.795 0(3)-0(2) 3.493 O(1)-0(6) 4.294
O(5)~0(1) 3.101 0(2)-0(4) 2.966 0(2)~0(5) 4.001
0(3)-0(4) 2.780 O(4)-0(6) 3.169 0(3)-0(8) 3.812
0(4)-0(8) 3.102 0(6)-0(8) 3.024 O(4)-0(7) 4.476
O(8)~0(7) 3.168 0(8)-0(5) 3.248

Angles, Deg?
0(3)-0(2)-0(4) 50.
0(2)-0(4)~0(8) 74.
0(4)-0(3)-0(2) 654,
0(2)-0(4)-0(8) 82.
0O(4)-0(8)-0(2) 55.

3 0(5)-0(6)-0(8) 67,
8
8
3
7
0(6)-0(2)-0(4) 61.9
0
3
7
8
5

0(8)-0(5)-0(7)  60.
O(5)-0(71)-0(8) 63.
O(7)-0O(8)-0(5) b5.
0O(5)-0(7)~-0(1) 61.
O(7)~-0(1)~0(5) 58,
O(1)-0(5)~0(7) 60.
O(7)-0(1)~0(3) 53,
O(1)-0(3)~-0(7) 57.6
0(3)-0(7)-0(1) 68.7

0(5)~-0(1)-0(2) 87.
O(1)-0(2)~0(6) 92
0(2)-0(6)-0(5) 86
O(6)-0(5)-0(1) 93.
O(7)-0(3)-0(4) 103.
0(3)~0(4)-0(8) 80
O(4)~-0(8)~0(7) 91.
O(8)-0(7)-0(3) 177,
O(1-0(3)-0(2) 47

0O(4)~-0(6)-0(8) 60,
0{6)~-0(8)-0(4) 62.
O(8)-0(4)~0O(6) 57.
O(3)~-0(1)~0(2) 68 O(6)~0O(8)=-0(5) 52.
0(3)-0(2)-0(1) 63 O(8)~0(5)~-0(6) 59.

o Standard deviations, 0.02-0.04 A. ® Standard deviations,
2.0-3.0°.

N O =L OO Ny

S NI NI W 000D D

distance. The average O-O separation in a ring (the
“bite” of thering) is2.781 A. This is comparable to the
values of 2.80 A found in Y (CsH;0,);- 3H,0% and 2.778
A for the average of the 16 chelates surveyed by Linga-
felter and Braumn.!2

The mean deviations of the carbon and oxygen atoms
from the unweighted least-squares planes of the acetyl-
acetonate groups are 0.014, 0.084, and 0.015 A for the
groups containing O(1)-0(2), O(3)-0(4), and O(5)—
0(6), respectively. The distances of the lanthanum
ion from these planes are 0.09 = 0.02, 0.57 £ 0.11, and
0.05 £ 0.02 A, respectively. The metal-chelate rings
containing O(1)-0(2) and O(5)-O(6) are essentially
planar; the sums of the interior angles are 721.0 and
719.6°, as compared with 720° required for planarity.
The sum of the interior angles for the ring containing
0(3)-0(4) is 711.5°, and this ring is folded by 15.6°
about the 0(3)-0(4) line away from the water molecules
toward the ring containing O(1)-0(2).

The coordination polyhedron formed by the eight
oxygen atoms about a lanthanum ion may be described
as a distorted square antiprism. Figure 2 shows the
polyhedron viewed along the axis from the lanthanum
ion to the center of the quadrilateral O(1)-0(2)-0(5)-
O(6). The distances and angles of the polyhedron are
listed in Table IV. In addition to the distortions in
lengths and angles, the quadrilateral O(3)-0(4)-0O(8)-
O(7) is folded about the O(3)-O(8) diagonal by 26°.
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Figure 2.—Coordination polyhedron formed by the eight
oxygens bonded to lanthanum, The distance of each atom from
the central plane is given.

Although there is considerable deviation from the ideal-
ized 82m symmetry, the average parameters for this
polyhedron agree with those of Hoard and Silverton!®
based on the minimization of ligand repulsive energy.
In the notation of Hoard and Silverton, we have [ =
1.253, s = 1.179, I/s = 1.063, and 8 = 57.1°, as com-
pared with their ideal values of 1.258, 1.190, 1.057, and
57.3°. The distortion of the square antiprism may be
attributed to the presence of chemically different lig-
ands bonded to the same metal atom. It should be
noted that the structure could also be described as a
distorted rhombic dodecahedron, since the two poly-
hedra can be continuously transformed into each other,
and an intermediate form may even be expected if steric
constraints are minimized by the presence of a large
cation. Our description is based on the simple observa-
tion that Figure 2 looks like a square antiprism.

Distances suggestive of hydrogen bonding are O(7)-
0(1) = 2.770 A, O(1)-0(5)" = 2.836 A, O(8)-0(4)"’ =
2.757 A, O(8)-0(6)"" = 2.768 A, where the primes indi-
cate atoms related to the unprimed atoms by the center
of symmetry at the origin and the double primes indi-
cate atoms related by the center of symmetry at !/,
Yo, s The O(1)-O(7)" distance is 3.029 A. The
molecules are thus linked by hydrogen bonds in zigzag
chains which are very nearly parallel to the [101] direc-
tion. The longest dimension of the crystals is parallel
to this direction. No close contacts exist between the
chains, and the shortest interchain distance is 3.39 A
between O(7) and C(14). Careful consideration of the
scheme of hydrogen bonding suggests that the hydro-
gen positions in Table II are not reliable.

(13) J. L. Hoard and J. V. Silverton, Inorg. Chem., 8, 235 (1963).



